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The object of this investigation va.» to obtain quantitative 
data of the stress distribution in a panel of plating representing 
the plating of a vessel under tensile load, in order to establish 
a rolation between the ratio of laajdKuR stress to average stress 
and tJie ratio of initial deflection to nlate thickneas. 

It is expected that a oosaplete investigation of the effect cf 
initial deflection cn the stress distribution in a panel of platlna: 
will provide a technical criteria to specify Uio isaxiiaua allowable 
initial deflection to avoid excessive stress in the naterial. 
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Four cpeclBciiS were tiade of i/8” plate with weloed stiffeners 
forcing 3 panels of 18” x 6”« The eoceis were designed to b© bolted 
to pulling Bccbero scapted to fit a 300,Q0J pound tenijile testing 
tsachine. Roiig;'J.y the initial deflection of the center p«uiel of 
the rodels wore: »eru, 1/8 , 3/lb” ana l/a”* 

The sasoles were tested using the ati*«ss-coat technique to 
deterriae t*he direction of the '•rrlncipal stresses. 

SR-ii strain gages type a- 3 w«rc installed in two rows, cne 
at the center of the panel and tuo other near the tra:i5V rac 
stiffener, at bc-th sides of the plate. 

The aaaplcs were tested by ^plying ttie load gradually, and 
the strains recorded at each interval of load. 



Plot* v«®r« nao© of t.f load versus strain for each strain 
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gage. From these diaerans strains wrra obtained at loads of ?0, 
UO, bO, PO «nd i(X) kips, a:xl these values vmre plotted against the 
position of the strain gage on the plate. The mid-depth strain 
distribution was obtained by avera.ting the strains at cacti '.»oiiit 
on both sides cf ttio plate. 

From the strain distribution diS'/rauQ tt^e r.,axinuK and ainl- 
nun strain values >;ere obtained, as well as the average strain in 
the plate, at each level of loai. The ratio of saxinaa and oini- 
mm. strain to average strain in the .'late ware thus obtained, and 
these values plotted against thi« ratio of initial deflection to 
late thicrrness. 

The strain distributions at 60 kips lead were used to check 
thr data, by coaparing the integratior. cf sti*ess times cross 
sectional area with the corres-Tundiasr load. 

aSD 0.hCtUG30KS 



It was observed t;»at when deflection exists the strain is not 
nniforaly distributed, Tho riaxisiUK strains wore found cn the un- 
stiff sn«d face cf the pasncl at about ti»e quarter points. TJio 
minlsua strains were found on the stifferod face, which is the 
convex face of ti>e panel, at about tho c««jtcr of the panel. Tho mid- 
depth NAXlmwi strains vere found close to the stiffeners. 

The ratio maxlRun to a\'erage strain increases aiiaost linearly, 
within the elastic region of the material, with the increase of the 
ratio ini tial dcfl^>ction to date thic!<nossj the reverse is tlio 
case of the ratio tsinlKOR to average strain. All of tSese ratios 
aoproach to unity with the increase of load. 

It should be noted that the masd/iun stresses were observed on 
the concave face, and timt on the convex face th/ stress was so b>.b 11 
that it becavie negative, or coepressive stress, for initial deflec- 
tion Uiickness ratio greater than one. 

.I-KIJATI' 

1. Construction and testing Jf sanoloa *.f different aspect 
ratio. 

?. Ccnstrccticn and tasting of samples with low deptr: of 

stiffeners welaed at both sides of U<e plate, in order to 
obtain the neutral axis of the stiffeners in lino with the 
neutral axis of the -late tc eliminate benniiu' monent 
effects. 
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I. IKTnOi)rJCTlOM 



In the structiwal design of a vessel the hull is oensidered to 
work as a beaa. The difference between the buoyancy distribution 
and the weight distribution catjoeo a longitudinal bending nonent. 

It is standard practice to dessign the strength of the hull, by 
considering the vessel in two extroee comiitions: floating on a 

wave with the sane l«igth of the vessel and with the crest at each 
end of Uie vessel, called "sagging cojxlition", and with the crest 
adnishlp, called hogging condition. These two conditions are con- 
sidered to be the nost severe ts.arvmtra of loading. 

Tests have been cade for nany years to prove that tho hull worics 
as a bears. The first extensive expeidneats were carri<;d out on the 
?00 feet transversely framed British destroyer "vt>lf*» in 1903, and 
w?d.le in many respects sotting the pattcira for subsequent work, they 
left many questions unanswered principally because of the scanty 
strain data taken below the vessel’s neutral axis. In 1930 two 
ide^itlcal 310 feet transversely framed U,S, destroyers, the "Preston" 
and the "Bruce", wore observed while being loaded in sagging and 
hogging respectively, within the past three years another British 
destroyer, the 355 feet lor*(;itudinally framed "iilbuera" was 
similarly loaded in hogging, lill tiiese vessles were of riveted 
construction and wore loaded by means of being supported on piers 
in drydock as ttie water level and the intemol weight distribution 
was varied. Tho "Preston", ''Bruce", and "Aibuera" were loaded to 
destruction vhen oon]>lete buckling of deck or bottom stnacture 
occurred. Except on the *"jOlf”, for which Ibro and aft strains only 
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vere »ea«ur«d, Kulti-axlal plain strains w^re det^rsalncd Wiabling 
principal stresses in nagnitud© and direction to be calcjled. In 
all cases, stress distribution was found to be in generally good 
egrectaent with the classical bean theory, even for extended ranges 
of loading* 

Ihjring the past Vorld ^*or II, the emergency nserebant fleet was 
built almost entirely by welding type of construction. Son© of these 
ships were reported dantiged by cracking of the hull structure. In- 
vestigations of these failures arrived to the foUovdng causes of 
failure t 

(a) Stress concentration clue to notcli effect, being the notch 
introduced by poor design (corner of hatches, non-continuity of 
longitudinal mesberc), or caused by poor welding (low penetration, 
inclusions, blows in the melted metal). 

(b) Brittle fracture at low temperature. 

Tliese causes explained the failure of vessels that cracked duo 
to notch effects, or that failed because the material haul a high 
critical teriperatux^, but failed to explain why well designed vessels 
ar:d well constructed suffer cracks in siKr.er xrhen a sister shio is 
still In service. 

A theory advanced to the authors by Professor J. H. Evans, of 
the Massachusetts Institute of Teclnolo'^ relates the ysiriation in 
sti*oss to the amount oi' Initial bulge in the panel betwoon stiffeners, 
If an initial bulge exists in a section of plating of a trans- 
versely fraiaed vessel, and tide section Is loaded in tension, the 
part of the nlatlng centatning the bulge will be unable to assisae its 
aj^-ortloned sliare of the load until tlje deflection is renovodj tlic 



section of the platint^ ac!;3acent to the loiv^tudinal stiffeners idll 
therefore receive and Raintaia a disaproportionately high pajrt of 
the load. It io coneeivabl© that ttio high stresses developed could 
cause surface crackings, iind subsequent failure. 

Several investigations have Included observations tdiich tend to 
substantiate the foregoing idea. The Adjniralty Ship Welding Cona-dttc© 
reported full scale tests on the British identical cargo ships 
"C'cean Vulcan” and "Clan Alpino”, and on idmtical tankers "Meveritas" 
ajid "fJe\#conbia"| one vessel in each pair was all riveted while tho 
otlujr was predcminaritly all weldetl. The findings of interest to 
this report are well swsnarized in Figure 1. The stresses in way of 
tlie longitudinal stiffeners of tho welded ships, for both hogging 
and sagging conditions, are r.uch greater than the stresses clear of 
the stiffeners, Tliia is not true for the case of riveted ships, and 
tije difference could be laid to the ninor accomodations in the rivetwi 
joints to suit the imposed loads. 

Vhat tlje allowable limit of unloaded plating unfairness should 
be is a question w^jicli needs ansv?«ring for the benefit of all and the 
limit which insures against cradc formation at tlie panel supports 
under the naxlmm coplonar loading anticipated is the ultimate 
criterion to be used in wiainf' to a decision. 

However, it seens that an excessive unloaded deflection may be 
attained not only during construction, but by growth under the lateral 
water pi'^ssurc or the ship hogging and sagd.ng loadings. For such 
increasing pemanerit set to take place under ship service conditions 
apparently some initial unloaded panel unfairness is also necessary. 
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FIGURE I 



D1 siir Ibu t i oii (if lun^l tudinal tjtrei;:.ei3 f^r bcM.-L* 
shell plating near amidchlps for .k r< hant /c/.rlc. 
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but its Uniting value is presumably less than that \dildi makes for 
sufficient peaking of stress in the fore and aft direction at the 
boundaries to cause the crack which nay imrediatoly or subsequently 
propagate under the proper conditions, probably incsludlng low 
temperature, or perhaps sown transverse strain restrain offered by 
the framing. Figure II illustrate the case of increasing unfairness 
of the plating caused by the longitudinal bending uonent, from 
observations made on experimcait carried out on the "Philip Schpyler"« 
Unfairness under alterante tensile and compressive stress 
naturally compounds the evils® 
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FiaUHE II 






1 Initial position o^ bottom plotlng 

Z Position gnd«r ^irst hogging mom«nt ot 134,000 tt tons Chog I) 

3 Position on return to 2^000 ft. tons (int«r-hog 2 ) 

4 Position under 20,000 ft. tons (inter-hog A 8t inter-hog B) 

5 Position under second hogging moment of 134,000 ft. tons (hog A") 

Deflection Profile of Bottom Plating 
Midway Between Two Frames Amidships 



Bottom Platln;: Behavior on the PHILIP SCHUYLER 
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2.1 D^glirn of the Teat t^ectlog 

Tho design of the test section v&s governed hy tlio following 
practictl considerations; 

aj The load capecity tnd si*o of the evaileble testing aechines. 

bj Cross Boctloncl area of tho test section to obtain proper strcse 
Tbinco with the selected testing aachine. 

c) Line&r diaeaolons of the epeciaon to fulfill tho selected cross 
sectional area, considoring the pi’oportion of diaeasions used 

\ 

in ship buildiz^g practice. 

d) Desirability of unifora stress distribution along Ui© loading 
edges of the section to be tested. 

Vith this considerations in aind tho following vac done. A 
testing aachino of pounds of rated load capacity was selected, 

which has a aaxiau* destructive load of 225^000 pounds, one of the largest 
available naebines in order to reduce scale effects. 

In tho transverse fraaeing systm used in navel architecture, 
the ccKKson aspect ratio is fioca 3 to 3.75j these values verc obtained fjioa 
tho Rulos of the /aerlcaa Bureau of Chipping. Tho aspect ratio 3 vaa 
adectod, end a panel of 6" x 13", with a plate of i/8* tliicknees vr&s 
considered adeq'oate. Stiffeners of 1/4* thickness plcte, and of 2 1/2* 
depth were used, avoiding the use of profiles like *L* or *T* to facilitate 
the installation of tho strain gisges. 

With tho above dlaonsions we obtain a cross sectional area of the 
tost section of 4.25 square inches, thus, the avorago ctreee with tho 
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destructive loading cape city of the testing aachine wes 53>000 pci; this 
vae conuidored setisfectoarya 

The test sdotion vlth its diseosions is shovn in figure Ilia 
It can be aotod th&t ‘three penels were uccd; the panel to be deflected 
w»s the central one, whoro the strain oee.7urceents wore cedo, the other 
two panels being provided to obtain a rioro unifoia stress distribution, 
and they were not deflected* 

The neutral e>dls of iho coeplete teat section \4thout initial 
deflection wea celcul&tcfd to bo 0*449 inches from the uiistiffenod face 
of the plate. Coneideilng thnt in way of the stiffeners the neutral aoris 
shift* toward th© jaid-depth Of the stiff oners, and that at the Kidvay 
between stiffeners the neutral a>is shifts toward th# add- thickness of 
the plate, there vac a ecffipionise to fulfill for the application of tlio 
load. The test sections were designed to bo lotded la a piano through 
the aid-depth of the pi&te, hnd the scsntlir^s of th© stiffeners were 
decreased at the onde, s.3 shown in figure HI* 

2»2 Icalaca of the Pulllry; Hsabers 

Tho pulling aoabera were designed to work xmder the yield point 
of the anteriai at the aariauE load capacity of the anchiae in order to 
ainLii# tho deflection of the ciKsbers and to obtain & felrly unifora 
stress distribution on the tost section* 

Tlio linear diaensioBB obtained froa the design cnlculations are 
fohown in figure III* It any be catlHatod that the weight of each pulling 
K€saber was about 250 ;>ouniis, and their coat auch higher then thet of the 
test section; therefore, it vas considered desirable to have detachable 
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pulling o«ab*rs lnct«6.d of having th«o weldod to the tost sections, in 
order to ftcilitato the hcindiing of the eouipweat end to reduce the 
initisl cost* 



The test section was atttched to the pulling soabers by aieana 
of lo bolts of 1 / 2 " diwaotor, and tiio atrengtb of this joint considered 
es a x'ivetod joint v&s greater then the strength of the test aectionj it 
should be noted that the thickness of the plate is increased at the bolted 
joint in order to obtain greater strength at the joint then at the tost 
section* 

2»3 y&bricatlon 

The test sections and pulling sieaberc vero «ade at ®Ssul Avery 
Steel Coopar^*, CaabrieSge, Mossachuaette* The naterijsl used vss 
coaEiercial nild steel* The process of fabrication was arc welding, A 
heat treataont i’or stress relief was used at the end of the fabrication* 

The test sections with »ero ncaiiacl deflection and with l/S** 
noaiaal deflcjction received the initial deflection in the centr&l panel 
during the fabrication by effect of the welding of the stiffeners. The 
teat section with 3/16® nooinal deflection was hsaaered to increase the 
bulge caused by welding to the desired saouat of dofonaation. The tost 
section with I/ 4 ® nonin&l deflection received the deflection of the cen- 
tral penel by lateral pressure using * cesapression testing aechins of 
the Laboratory of Testing Materials at the Massachusetts Institute of 
Tschnolc^y, with the aid of a piece of wood to avoid identstlons, 

2 » 4 Measuroaent of the loitlcl Peflcctions 

The initial deflection was nearursd witli a dial gage graduated in 
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thousandths of on inch, aiouated ia a octal fraa* es shown in Figure IV, 

Tho fraa© was leo unted in such a w»-y that aero readings wore obtained 
at 3 comers of tiio p^nal, 

Hoafiui-eiftcnts wore aade at intorr&ls of 1/2 inch alotig parallel 
li.noa spaced l/2 inch epnrt# Objorved deflections ere recorded in Table I 
in Appendix A« 

The initial deflection data, was plotted on croes-Eoctioa paper, 
and contours of constant deflection wore drci/n, as shown ia tho •Contour 
Hap of IniUal DofleoUon", Figures ?, VI, VII* end VIII. 

To obtain the initial deflection of each test section, tho 
following procediire was uoed: 

a) Tho Qiltfcaotical aeon sverages of readings taken along the long 
borders of tho panel, within tho contrel 10 Inches, varo first 
coaputodo 

h) Next, the aiithootical aeon average of readinga taken along the 
tr&nsysrso coatorline of the panel wore cotaputed, within the 
control 10 inches, which is the section that shoved the ciaxisitait 
deflection. 

c^ Finally, tho difference between half the cuu of thn border arlth- 
isetical aean values and th© center lino arithaoticel mean vsluo 
gave the resultant avorago dcfloction of the panel. This calcu- 
lation is shiOwa on Table V In tho Appendix C, 

2*5 Stress-Coat Teste 

The surfaces of th© center panel of each teat section were olcaaed 
end polished v,lth oaery cloth. Seat the surfaces vor® sprayed with precoat 
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in ov:5or to obtain a mooth /.urfi-co, 7h«n the sti'-ssB-coat vae appllofl, 

Tha precoat and tha Ctrcia Iniicfttin^ Coating SX-120S were anoufftctureti 
»*4ftgn&riu:!t Corporution*, Chicago 3i, Illiooio# 

The type of strscs-ooat selected vaa dater-ained by the verther 
conditions, ^ince teaporature end htraidlty changes eey ccuae cracking 
of the stress coat. The drying period of the Dtrcgc*-coat was S4 hour -. 

In every tost the weather coauition did not chc.nge froa the tine of 
application of the stress ooat to the tiKe at \ditch tho test wos porfozisedo 

The epociasac wei'e loaded to {fOfOOO poands ia order to obtain 
a coaplete crack pr.ttora of the stress-co&t. Tho crack pattern cpr)oar«?d 
only on tho unstiffoned side of the panels no cracks were obsenred 0:1 
the other side* 

An ottfs'.pt to K»i:e tho creek pattern stami out by ucing dye- 
etching failed bccftuee the atressi-ooat vac dissolved by tJi» dyo and the 
pattern disappeared. 

In order to obtain a record of the crack pattern, it waa necessary 
to aeik the cracks vith ink or pencil on the stros.-J-coat itcolf. The no3:t 
step was to transfer tho delineated peitein to tranaper’ent paper. The 
•Pattern of Cracks in Stress Coat®, are shown in Figtxros II, 1, H, and 

m. 

The strain gages vora aligned with tho diroctiou of the principal 
stresses, which is perpendicul&j’ to direction of tho cracks. It was 
considered tki.t the strain gago»n on tho stiffened i,id« of th© plat©, vhoio 
no crack patten’, was fortaod, ehotold be oric:it€4d in the sok© diroctioa aa 
the strain gegas on the unstiffened side of tha plat©, beocuse the circctloa 
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of ths prlnci^til woulti not cLauga through t!\s caell thlCAiioce 



of tJio plato* 

It uc :K)ted that th* crocks of tho ctx'oos-coat waro cot 

producod at lov loval of load, but that thoy started to appour for losdo 
above 60,000 pounds. Therefore, tlie oi'lentatlon of tho ftroln gs^ea was 
govomed the t2ircctioa of the priaclpcil strcscsee at high loade. It 
it believed that the dii-ection cf the principal stresses chan^jed with 
tho lo&d, Becciuce the suagaitu-de of the deflectlor. probably ch^uaged ■ylth 
Uio load) tim’oforo, tho laa&sured *trr;iaft at loads othoi' than thet which 
caused the orach s arc not the true values of th® principal strains . 

Sovortheless, the strains ssf-gurod by the streiu gs^ca located 
ire ths transverse ceaterlin* of the puial are uadoubtiy principal stredno; 
ciacQ bj- sjsviotry, the pi'incipnl sJtr&ln? should bo oriented in the 
direction of the applied load, and the fact th«t tho observed cracks avc 
perpendicular to tho trf;ciflV"jrso centerline on oil spechMcns supports 
this conclusloa. This ccanideratioa is aaphaaisod to validate th* 
coacluoioas of the exporlncat. 



2.6 Agplicatioa of Strain Geges 

GR-4 Sti'tala Giiges type A-3 aenuf^ctured by *The Baldwin Llae- 
Haailtoa Coiporetion**, Philadelphia 41» Pennsylvania, were uned. They 
were applied using SR-4 Pre-Coat and Ccjont, foHowir^ the aanufacturer’ s 
instructions using 64 strain Gages per tost section* 

The locations couaiuored ideal for the ntrain g«*es to obtain 
the curvo of strain distribution is shown In Figures II end thiough III, but 
due to sous sciall liu-ogularities in ths rurface of tho pl&t-e tons of tho 
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strr-in g«^e0 where applied in t, slightly different location ca indicatetl 
b-/ Table II in the Appendix; A. 'Front Face* inoicctea the anctlffened 
eicie of the pifete» and "Back Face® the stiffened one* 

After the strain gtgea vere applied end the cement had dried 
for 2/, hours, the gages were electrically tested for continuity and 
insulation fioe the plate j tho Biini»’jEa injuletion aetjr.u*od vr» 25 
»egoJana, which ia far above the ro-.'^uired insulation of 5 a^ohan. 

?igU3rc nil is an illustration of e teat speciaen with the strain gagea 
in place, 

2.7 Strain Hoagun’aaont 

The touting lauchia© used to load tho speciEcns in tension was 
& "Southwark-Ssery* hydi*aulic type, MIT serial 105. Iho control ponel 
of tills machine and the aet-i^t of the o^piipKent in slsown in Figure SIV, 

Tho strain gf-ges were connected between ground and 6 a\d.tch~ 
bosrd formed by knife switches. Through tho ewitch-bofn^3, the str.sin 
gages were connected to fui SB~4 Strain Indicator, type L, cerici 1180797, 
asaufactured by Baldwin-Southw&ric, 

An initi&l load of 20,000 pounds w&u used to iiuo-up the speclsaon 
in the testing macliiae, and then the load was reduced to ecro to obtain 
the strain reading at sero load, SeJet the lord was applied gradually, 
and the strains rccoriiod at or.ch level of load, as indic«tyc in Table III 
in tho AppiHidir A. 

It should b« noted that during tho cpplicatlon of the load to 
measure the strains, «c«o slip of tho pulling meebors et the jaws of 
tiio testing nachdno was noticed, aati this fact so3!iovht;t lavaliaatsd th® 
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strain reading at soro load, becsoiso of a probable ch&i;g6 in the ilne-up 
of the opccliaano This effect vas pejrtic’ultrly noticeable \fhen the pleto 
vith 3 / 16 " aosvinal deflection vas tested. 

2.8 Strbln-Lond Curves 

The recorded ctredns vore plotted s^uinst the applied load to 
check the correctness of the readings, as shown in figui'os XV through 
Ihlll. These curves represent the gi&phical tverege relation of strain 
to load at each strain gage position. 

2.9 Strain Distribution Carves 

Froa the Strain-Load curves, the strain at c&ch strain gage vos 
obtained for five levels of load, as recorded in Table IV in Appendix B, 
These strains vfere plotted against the positions of the strain ga 4 ;c» to 
obtain the strain distribution cui-ves at different levels of load for 
both the fiont face and the back fee© of the plete. The arithsetical 
Mean averego between both faces gave the strain values at the aid-depth 
of the panel. These values were also plotted against the position of the 
strain gages to obtidn the strain distribution at the aid-depth of the 
plate. The «U*ain distribution cui’ves are shown in Figures XLIV through 
LVI. 

2.10 Str&in-Beflection Itelstloaship 

The arithaetical nean average of the stivdn dicti'ibution curve 
at the add-depth for each cpeciaen was taken as the svortgo ctrein in the 
plate. This value ia different fren the sti-ein that would be obteinod by 
dividii^ the load by the product of the citjas-sectio'yal crea tines the 
aodulus of elasticity of the Ksterlel, assxsaing that the stiffensrs shared 



the load. 
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The aa?;ia’s*i rr-iue of the 3tri.in in the front fe.ce at such level 



of ioaU vac obtcdnsd by takirsjij the eritiiastical aean of tho strain values 
indicated gnecs 7 front 11 front. 

The aiaiuuTi value of the strain on the back face at eech level 
of load was ccwputed by taking the arlthEeticci aoen svoi-ege of the 
otreio vclues of gages 3 beck, 9 back, end 10 beck. 

Tho n&slKuia value of the strain at the ald'-depth of tiie plfste 
et eech level of load wess calculatod by tekii^ the aritliaeticsl raciua 
avorsgc of tho strain values of gsgos 4 front, 4 beck, 14 front, end 14 
back. 

Tho rstloa of taa^lauR tuid Kiniauts to average strain values were 
plotted «;goin?.t the ratios of average deflection (obtained as Indicated 
in section 2.4) to plate thickness. These curves ere shown in Fi6ui*e 
LVII. 

Tahl© YII in tho Appendix C contains the calculation of the 
values and ratios mentioned above. 

2.11 Heasured and Calculatod /.polled Load 

The product of the avorege strrln, the croca-aectional area of 
the plate, and tho oodxilus of cdaeticity equals the msgiiltude of the 
load sxipportod by the plate. 

Proa the curvos of the strain distritatlon in tho stiffeners, 
shown in Figure LVI, the arithaetical uean Gvorsge strain in the tw 
stlffonero of each plate was obtained, iSultiplying thie value by the 
product of tho orose-*soctioncl area of the stiffeners and the nodulus of 
elasticity gives the saagnitudo of the lo»d supported by the stiffeners. 
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The mix of the lot-d on thn plftt© ami the iaad on line 
stiff c-aern ehould be ©v^utl to the epplled lot.1. This carparison vb.s 
cade for a load of 60,000 pounds, tPEuaSng « aodalus of elastic! t 7 of 
the »&terifil of 29,000,000 pounds per squrjre inch, ana the difference 
botwaen tiio applied load end the ciilculf ted loiid was 

- 300 pounds or ~1.33J* for the of swsro noiiinal deflection 

5400 pounds ox* 9 ?» for the plate of l/S^ noalnal deflection 

JtOQO pounds or 6.7 ^ for the pints of 3/16" ncwlnnl deflection 

-1100 pounds or -1*8 % for the plate of 1/4* rKSsiinal deflccticno 

The differences were considered fsnall and vithin the accur<<.cy of 
the aessuroBiants* Tho calculation la ehora in ippeadix D. 
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IV DI3CUJSI0M or THE H££UI,TS 



4«1 Strain-j!«o&d Curves 

The strain-losid curves (Figures 2V through XLIII) inoicatsd 
th»t the struia-lo&d relation is not linear for the structure testoci* 

Tho depex-ture fran linear perfomance increases with tho increase of 
initial deflection. 

In the 3/16" nowinal daflection plate end in the 1/4" ncEaln&l 
deflection plate there were ae&surad strains grcatei* than 2,400 nicro- 
inch per inch for a load of lOO kips, p&rticulfcr3.y on tho fi’oat face 
near the center of the plate* These streiaa indiceto stress values 
greater than the yield stress of slid steel* 

Tlierefore, it was considered that a strain dieti'ibation 
enelycis would provide o nore rcpresciitative Inciication of whet is 
actually taking; place undez’ loud than an cstianated stress distribition. 

4*2 Strains Soar the Transverse Stiffeners 

The strain gsgos used to obtain tho strain distribution were 
Oirleated in the direction of the principal strains indicated bj' the strcE 
coat analysis, as exj>leined in section 2«5» 

The crack pattern of tho etross-coat started to fom at a load 
of about 60 kips, and was coeplcted the tiac the load had increased 
to 20 klpfi. 

It is believed that tho ozd-ontation of the pi'incipel strain* 
changed wltii the variation of the load boc».us® Uic nagnitud© of the 
dofloctton of tho panel prebshly cher^ed with tho load. Therefore, the 
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observations *ed« jdoijg tho ixsw of strain noar tb* stiffenora 

have a lialted slgnlx'lc&nce. Future rofci*ence herein to otraino should 
bo coastrued to nean ctrcina aoesui'ed dong tho tron&vcroo centerline. 

It should bo rodiiod tU«t tho streine xoosurod in th© row of etrtdn 
gagoo near tiie trunsverso stiffeners vr-ro always lover in vdue th«ii 
tho RsyiciuB strain noosured dong tlio transverse contorlino evoa et the 
loads of 60 to 80 klpsj therefore, there is no loss of genorelity 
bscause it is desired to relate a naxiiiusi ctroso to defloction only* 

4*3 3trfd.ns at tho Yrcnsvsrse Coaterline of tho Panel 

The ertek pattern of the stress coat for U?o foui* plates at 
the trensverse contorlino of tho panel (Figures IX through XII) htid rn 
orientation parallel to the ti'ansverse stlffeirers, indicstiiie that the 
orientation of the priacipd strains at the transverse canterline of the 
panel did not change with the iaiticl dc-fioctioa of tho plate, and that 
tho orientation of the principal strains wk-s perdlel to the longitudinal 
ads of the specisen. 

Bj' rymstry, the direction of tlis principal strains should be 
parallel to the longltudlnd sals of the speciuon* 

Therefore, the strains Beosured with the strain gegea at tho 
triuicverse centerline of the panel, which were inctallod vdth their ares 
oriented parallel to the longltudlnd axis of the sspecimen, «jtc actually 
the principal strains. 

4.4 Strain Eigtrlbution in the Ungtiffened fide of the Plate 



Tho curvee of strain distribution on the unstiffened side of 
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the plate (I'iguxos JLIV, XLVII, L, kjnd Ltlll) iadic&ted tvo aaxireua 
strain values at about the quarter points of the transverae conterlino 
of the pAnol« 

4« 5 3trtln Distribution in tbs Stiffened Side of the Plate 

Tho cxirvQs of strain distribution in the stiffenod side of 
the plate (Pig’ores XL?, 2LVIII, LI, and LIV) indicated xtloiauai sti'ain 
values £t about tho center of the psaols 

4«6 Strpin Distribution in the Mid-Death of tho Plate 

The curvoe of strain distribution at the ald-deptla of the plate 
(figures 1L?I, XLIX, LH, end LV) iacliccted two Bu>:iavsa strain veluas ct 
the ti'ansverso cauterline of the panel aeer to th® stiffeners «ni a 
alalaua strain value at the center of the panel# 



4,7 Streia Distribution in the Stiffe-nerg 

The strains aoasured in the stiffeners were dveya as&ller than 
the average streln in the plate* This indicated that tho stiffeners were 
not sharing the load ^th the plats, which condition I'esulted froa th© 
load jiot being applied in line with tho pofition of the neutral crls of 
the test cection. For this reason, a ehecr load l*etween tho plate end the 
8tlffaaer» exieted. The ctlffeaere vm-e loaded in tension at the bottoa 
edge wdiich enueod a bendin^j no*cnt effect on tho stiffeners, os con be 
obceinrod in Figure L?I» Tho tcndancy of tho shear to pi\>duce a coianresslvs 
effect on the plate reduced ih© stiidn in the plate near the 

stiffeners. Thei'efors it i.v believed that Uie strains in tho S50rtion of 



the plate adjacent to tlje stiff cnora woult* have a higher value th&a the 
aeaturod one if th© stiffeners \flsre sharing properly the applied load. 
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To mduc© tho shsiriag force ■»stwee>.t the pints and the stiffeners 
the opociasns v»ould hs.ve to bo redesigned. By using ctiffeaere on both 
sid‘38 of the plate and very stiff neeboro welded at the ends of the test 
section, rji oyim dlatributlon of loed between tho stiffener® and the 
plato woulc be obtoined, 

4,8 Streltv-Befloctlon F.elationr>hlo 

Figure bVII shows that tho rotios of the aes^inuKi stress in the 
unctiffoaod side of tho plate to the average stress in the plate, of the 
:3inia^sca stress in the stiffened side of the plate to the everpge stress 
in tl’.o plato, 4\nd of tbs nsxiiaun «tr©so la the Ed.d~dopth of tho piste 
to tho average stress in the plate varied aljsoat linearly with the ratios 
of tho initial deflection to tho plate thicknoSvS ^dtMn tho glootic 
rogioa of tho uatorifil, 

Tho velues of the sti'css ratios jsentionod ohovo approach unity 
as tho applied load increases within tho olastic region of the tatteriel. 
This effect aay be e>.plained if it is realised that the deflection of the 
ptnel decroasos as tho applied load incroases. 

It should be mentioned that for a load of SO kips in the 3/16" 
and in tho 1/4” noEinal deflection plates end for a load of 130 kips in 
all of the plates, the stresses exceeded tho yiold point of the material, 
as can be observed in the load-strain curves (Figures }rv thiough 
For this reason, tho stress ratio cuives of Figure LVII ectually indicate 
for lill values of the deflection-thickneBS ratio fjid for the load of 80 
kips for tho range deflection-tiiichrtoss ratios greeter then 1.2* 
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4«9 ^'«ctlor. of thQ Fl»te Adjacent to the LongituciincX Ctlffener* 



Vhon the tensile loed vas tpplieij to the test aectiona vith 
initial deflection, tiw ntyiaizr, etrerios In the aid-depth of the plat© 
were produced r*t the i**cion of the ptuiel adjacont to ths lon£itudinel 
otlffenors. The nctoriRl at the conter of the penal w&a initially 
cui-zeti, vliilo the aaterial adjacent to the longitudinal stiffeners 
vas straight; therefor®, when tho tensile load v&e applied, the curved 
fibers were unablo to sssutie a strictly pinjportioneto share of tho load* 

For an luitial-defloction-thicknero ratio of 1.5> ar^d & load 
of 60 kipa (S tons par squtiro inch or ISOOO pounds per square inch of 
avsra^'O stress in the plat©}, the clKcuiatod ratio of tho jsaxlKvo stress 
in the Jildr-depth of ths plate at tiis region adjacent to the longitudinal 
stiffeners to the arerags strass In the plato vac l«i75. Because tho 
stiffenars did not share the load with the plate, It is believed that 
this value i^iould be iarger. This stress ratio is the stress concentration 
factor produced by tho initial deflection of the panel. 

4»10 Center Section of the Panel 

’*hm the tensile lo&d was applied on the test aeciiona with 
initial doflection, tho aarlaun etj-esres were produced «t the center of 
tho puiol in the uaetiffened side of tho plate, end tho niniaua values of 
the toaeile str&in wore obtained in the seoas region in the stiffened eids. 
The center of the panel was by a direct ten&ile load and by a bending load 
chic to tho defleclioo. The stK of these loads caused a high tensile stress 
in the concave side of the panel {rmotiffened ftco) , end e low tenrile fltz'OR 
aoa© tiao® negative (coaprcsslvo stress} in the convex side of the plato 
(stiffened face). 
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For ea laiticl-defiectioa-slc to tMckaoss’ ratio of 1.5, e 
IOR(i of 60 kips (sbout 8 tons p©raqur.ro ir:ch or 12000 pounds per squaro 
inch of everfigo ftrcao in tho plate) , the celculi-ted ratio of tho 
aa>:iaua ctro-c at th« center of the penel in the usistiff oned (concevo) 
aide of tho plate to tho avci'age stress in the plat© was 2.39« Bocauso 
tho stiffeners did not share the load with the plate, it ia believed that 
tho direct tonsilo stress at tho center of the plate wotLLd be mailer, 
iiowever, the beadinc nosseat would be larger. The net effect eeunot be 
estinatod. The bending aaaent would be larger, becauae, if the stiffeners 
woz’ked fully, the neutral axis of the section (or line of application of 
the load) \«uld be at a larger dlstanco froct the plate at the center of 
tho panel. This calculated atreaa ratio is the ctreas concentration 
factor produced by the initial deflection of the panel. 

Tho stress concentration factor for the unstiff cned eido of the 
plfeto in the central region of the psnol is nuch highoi’ than that for the 
region of the pl&t® adjacent to the longitudinal stiffeners. Considering 
tho big difforoncG between these tw stress concentration factors, it is 
believed that the stress concentration factor for the central region of 
the panel would still be the largest one oven if the stiffeners properly 
shared tho load. 

This strese concentration at th® center of tho unstlffencd side 
combined with alternation of stresses, is a sufficient cause to produce 
eui'feco crack* in the plate, wJilch In turn incrcaso the sti'css concentration 
causing tho cctaplet© failirro of th® plete. 
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5.x In the unstiffened side of tho deflected p&nola, the ciesir&uc atresseo 
&r© produced s.t the quertcr points of the trancverse centerliue of 
the penal. 

5.2 In the stiffened side of tho doflectod panels, the ainiEUta stroases 
are produced fet tho center of the panel. 

5.3 Iri the Kld-dopth of the deflected panels, the Hesiaura stresses are 
produced in a region adjacent to tho loagitudinei stiffeners at the 
traasvcroc centerline of tho panel, and the ainiaiaa stresces at the 
center of the panel. 

5*4 The ratios of tha aarinun to the average strean values lt»ci*oese alaoBt 
lineally with tho iccreose of initial-doflection-plato-thickacss ratio 
vithin the elastic region of the aaterial. The. ratios of the asiniaoKas 
ix> the average stress values decreass elooct linearly with the increaso 
of tlio initiai-defloction-plftt©~thicknes8 ratio within tho elastic 
roglon of the staterlel. 

5.5 The ratios of the ei6>.iK\ais to the average stress velues and of the 
ainiiauas to the average stress values appi’oscb unity as the applied 
load iacroGsos within the elastic ri^ion of tho aatericl. 

5.6 Tho l'»lgh stress concentrations in the unstiffenod side of tho plate 
(concave side) ceuaou by large initial deflections, coablned vith 
altejviation of streosoe, produce surfneo cracha in the pl»t«. 
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6«i 'io reduce the chcarlng force between the plete imd the otiffoners!, 
the cpeciaen should be redesigned using stiffeners on both sides of 
the plate « 4 Jd very stiff oaabura welded at the ends of tlie teat 
section so that an even distribution of the load betwoon the 
Btiffeners end tbs pleto wuld result* 

6»2 laveatifistiona should be continued with different aspect ratios ’-intll 
sufficient data, is cosapiled to specify a aeoiauKi eiiowabla deflection 
of pensia* 
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Statloa 




1 


2 


3 


4 


5 


6 


7 


8 


9 


10 


11 


12 


0 


0 


2 


0 


-2 


-5 


-6 


-9 


-11 


-7 


-7 


-7 


-4 


0 


1 


0 


1 


7 


13 


11 


7 


4 


2 


1 


4 


2 


3 


-1 


2 


-1 


5 


20 


36 


40 


47 


38 


31 


22 


14 


6 


4 


-3 


3 


-6 


4 


31 


58 


78 


77 


68 


62 


44 


25 


12 


3 


•6 


4 


-14 


1 


31 


77 


107 


111 


111 


91 


63 


37 


17 


-1 


-15 


5 


-21 


-4 


48 


98 


117 


124 


131 


105 


74 


48 


22 


-5 


-21 


6 


-27 


-10 


57 


104 


119 


128 
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115 


83 


57 


28 


-12 


-30 


7 


-27 


-15 


53 


100 


116 


137 


136 


137 


81 


50 


20 


-18 


-38 


8 


-27 


-16 


43 


100 


123 


1^^4 


140 


119 


84 


50 


16 


-24 


-45 


9 


-25 


-19 


39 


95 


127 


146 


l4l 


127 


100 


52 


19 


-28 


-48 


10 


-26 


-17 


35 


93 


131 


147 


146 


136 


115 


77 


24 


-32 


-59 


11 


-24 


-13 


39 


99 


138 


153 


164 


155 


126 


89 


30 


-33 


-58 


12 


-27 


-14 


45 


106 


142 


156 


176 
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95 


35 


-36 


—62 


13 


-26 


-11 


62 


117 


14? 


165 


183 


180 


146 


104 


48 


-36 


-67 


14 


-25 


-3 


81 


126 


151 


171 


189 


189 


153 


107 


52 


-27 


-71 


15 


-26 


-5 


74 


141 


151 


172 


193 


194 


152 


104 


43 


-39 


-72 


16 


-29 


-4 


74 


129 


153 


169 


190 


188 


149 


103 


46 


-40 


-71 


17 


-32 


-1 


8? 


130 


160 


175 


188 


187 


14? 


106 


44 


-36 


-68 


18 


-33 


-2 


78 


12? 


160 


178 


194 


187 


152 


108 


46 


-31 


-63 


19 


-34 


-3 


68 


116 


145 


175 


200 


190 


155 


116 


52 


-27 


-57 


20 


-30 


-1 


65 


122 


153 


179 


205 
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161 


111 


59 


-17 


-49 


21- 


-25 
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6? 


126 


161 


179 


207 


202 


171 


121 


69 


-7 


-40 
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208 


203 
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124 


67 
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-32 
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-1 


66 


122 


155 


180 
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201 


168 


123 


67 


0 


-25 


24 


-23 


-2 


61 


117 


155 


183 


208 


201 


165 


121 


65 


3 


-19 


25 


-25 


-3 


61 


118 


157 


190 


209 


201 


165 


117 


63 


3 


-17 


26 


-26 


-5 


55 


113 


151 


188 


207 


198 


164 


112 


60 


4 


-16 


27 


-28 


-9 


51 


110 


149 


186 


199 


193 


164 


110 


60 


6 


-14 


28 


-31 


-9 


44 


99 


150 


189 


201 


195 


165 


111 


61 


9 


-13 


29 


-31 


-6 


44 


97 


144 


186 


203 


198 


170 


115 


66 


13 


-6 


30 


-28 


-4 




98 


137 


181 


200 


198 


173 


124 


72 


21 


-2 


31 


-22 


0 


k 6 


92 


130 


172 


192 


195 


178 


128 


80 


28 


6 


32 


-15 


4 


46 


87 


117 


153 


176 


186 


174 


126 


64 


32 


13 


33 


-8 


6 


39 


69 


89 


116 
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161 


158 


117 


72 


31 


17 


34 


-2 


8 


27 


40 


56 


70 


92 


102 


96 


80 


49 


27 


21 


35 


0 


7 


15 


18 


23 


26 


24 


29 


33 


26 


24 


21 


22 


36 


0 
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-2 
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5 


7 


12 


9 


14 
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TABLE II 






Plate (nominal deflection) 


0 


1/8" 


3/16" 


1/4" 


Oa^e 


jruaber 


Dletaaco fx^so 


loft ed«:« (in) 


1 




12.4 


0.4 


0.4 


0.4 


2 




1.4 


1.4 


1.4 


1.4 


3 




2.3 


2.3 


2.3 


2.3 


L. 


18 


3.75 


3.75 


3.75 


3.75 


5 


19 


5.1 


5.1 


5.1 


5.1 


6 


20 


6.5 


6.4 


6.4 


6.4 


7 


21 


8.0 


8.0 


8.0 


8.0 


8 


22 


10.0 


10.0 


10.0 


10.0 


9 


23 


12.0 


12.0 


12.0 


11.5 


10 




14,0 


14.0 


14.0 


14.0 


11 


25 


16.0 


16.0 


16.0 


16.0 


12 


26 


17.0 


17.35 


17.6 


17.6 


13 


27 


18.75 


18.75 


18,9 


18.9 




28 


20.2 


20.1 


20.15 


20.15 


15 




21.6 


21.6 


21.6 


21.6 


16 




22.7 


22.5 


22.5 


22.5 


17 




23.5 


23.5 


23.5 


23.5 






Ulataxxse from 


outer odr;e 


A 


D 


0.5 


0.5 


0,5 


0,5 


3 


C 


1.7 


1.7 


1.7 


1.7 


E 


n 


0.5 


0.5 


0.5 


0,. 


P 


a 


1.7 


1.7 


1.7 


1.7 
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TASLX III 
DATA SHBBT 
STRAIV LOAD BXADIKC^ 

PLA?3 0? ZEaO HOKIHAL D27L3CTI0H 
FBOHT FACS 

LOAD II POUIDS 



GACB 



KUMB5R 


0 


1 


To-1915 


2* 


8-1045 


3 


14-0030 


4* 


8-1225 


5 


14-0010 


6 


8-1170 


7 


8-1465 


8 


10-175 


9 


14-1075 


10 


14-920 


11 


14-1170 


12 


12-1820 


13 


14-50 


14 


12-1480 


15 


lh-445 


16 


12-1480 


17 


12-1090 


18 


10-610 


19 


10-265 


20 


8-1160 


21 


10-225 


22 


10-^05 


23 

24 


8-1910 

10-10 


25 


10-1155 


26 


8-1330 


27 


8-1185 


28 


10-670 



15000 


10000 


12-195 


12-425 


8-1260 


8-1500 


14-240 


14-425 


8-1400 


8-1570 


14-175 


14-320 


8-1320 


8-1475 


8-1600 


8-1755 


10-310 


10-460 


14-1200 


14-1350 


14-1030 


14-1170 


14-1285 


14-1420 


12-1925 


14-45 


14-165 


14-290 


12-1620 


12-1760 


14-605 


14-765 


12-1670 


12-1860 


12-1310 


12-1530 


10-780 


10-950 


10-435 


10-590 


8-1315 


8-1460 


10-380 


10-530 


10-5/fO 


10-665 


10-20 


10-130 


10-115 


10-230 


10-1260 


10-1380 


8-1440 


8-1575 


8-1320 


8-1460 


10-820 


10-965 



45000 60000 

12-625 12-850 
8-1675 8-1860 

14-580 14-760 

8-1715 8-1880 

14-460 14-630 

8-1615 B-178C 

8-1900 10-70 
10-620 10-800 

14-1510 14-1700 

14-1320 14-1500 

14-1545 14-1710 

14-160 14-310 

14-400 14-530 

12-1885 14-20 
lU-905 14-1070 

14-30 14-225 

12-1710 12-1935 
10-1080 10-1245 
10-730 10-900 

8-1600 8-1760 

10-675 10-850 

10-790 10-9iW 

10-255 10-405 

10-350 10-500 

10-1480 10-1630 

8-1700 8-I850 

8-1590 8-1755 

10-1090 10-1240 



25000 


90000 


12-1050 


12-1260 


10-65 


10-240 


14-930 


14-1090 


10-30 


10-180 


14-775 


14-925 


8-1930 


10-90 


10-220 


10-370 


10-965 


10-1125 


14-1870 


16-40 


14-1660 


14-1620 


14-1870 


16-15 


14-440 


14-580 


14-660 


14-790 


14-160 


14-300 


14-1220 


14-1370 


14-400 


14-580 


14-130 


14-330 


10-1400 


10-1550 


10-1040 


10-1190 


8-1910 


10-65 


10-1015 


10-1180 


10-1060 


10-1230 


10-5J1H) 


10-690 


10-640 


10-790 


10-1760 


10-1910 


10-005 


10-150 


8-1900 


10-55 


10-1390 


10-1540 



105000 

12-1410 

10-335 

14-1230 

10-335 

14-1050 

10-240 

10-480 

10-1200 

16-180 

14-1990 

16-180 

14-810 

14-935 

14-430 

14-1530 

14-750 

14-530 

12-80 

10-1430 

10-215 

10-1345 

10-1355 

10-820 

10-940 

12-110 

10-265 

10-1170 

12-260 



Strain readings In nloro Inch per Inch 
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TAILS III (coatlnued) 

ZkfK nigZT 
Stitiin-Load Headings 
plate of Zero Soxlaal Deflection 
Back Face 

LOAD IH .X)UKDS 



GAGS 

irUKBHE 


0 


1500a 


30000 


4^000 


6OOOP 


75020 


90000 


105000 


1 


8-370 




8-1035 


8-1090 


8-1180 


8-1^80 


8-1360 


8-1370 


2 


10-1265 


10-1385 


10-1505 


10-1590 


10-1710 


10-1815 


10-1930 


10-1970 


3 


10-1630 


10-1300 


10-1945 


12-70 


12-220 


12-350 


12-485 


12-620 


A 


10-1370 


10-1980 


12-90 


12-165 


12-26C 


12-335 


12-420 


12-580 


2 


10-450 


10-^00 


10-415 


10-390 


IO-38C 


10-355 


10-325 


10-280 


C 


12-000 


10-1980 


10-1965 


10-1935 


10-1920 


IC-I885 


10-1855 


10-1815 


D 


10-1800 


10-1905 


12-0000 


12“75 


12-170 


12-245 


12-33C 


I2-/V9O 


U 


12-340 


12-510 


12-680 


12-825 


12-935 


12-1130 


12-1285 


12-1415 


5 


10-1130 


10-1310 


10-1480 


10-1630 


10-1845 


10-1950 


12-105 


12-230 


6 


10-1300 


10-1980 


12-170 


12-340 


12-530 


12-705 


12-875 


12-1090 


7 


10-835 


10-975 


10-1130 


10-1280 


10-1445 


10-1600 


10-1760 


10-1930 


8 


12-J120 


12-525 


12-670 


12-810 


12-970 


12-1120 


12-1270 


12-1445 


9 


8-1410 


8-1525 


3-1650 


8-1790 


8-194C 


10-100 


10-245 


IC-38O 


10 


ir-1650 


10-1760 


10-1890 


12-30 


12-195 


12-345 


12-490 


12-670 


11 


10-1770 


10-1900 


12-40 


12-135 


12-340 


12-500 


12-655 


12-825 


12 


10-1710 


10-1850 


12-15 


12-170 


12-34C 


12-500 


12-665 


12-930 


13 


10-1765 


10-1930 


12-90 


12-250 


12-415 


12-570 


12-735 


12-390 


lU 


12-180 


12-330 


13-470 


12-610 


I2-7/+5 


12-830 


12-1020 


12-1145 


K 


10-540 


10-630 


10-690 


10-750 


10-820 


10-330 


10-940 


IO-IC3O 


J 


10-1475 


10-1475 


10-14/10 


10-1415 


10-1390 


10-1360 


10-1320 


10-1280 


■G 


10-1460 


10-1470 


10-1455 


10-1420 


lC-1415 


10-1400 


10-137C 


10-1335 


n 


12-100 


12-200 


12-230 


12-340 


12-425 


12-/J-90 


12—565 


12-650 


15 


10-1390 


10-1530 


10-1650 


10-1765 


IC-I890 


12-10 


12-145 


12-280 


16 


12-465 


12-505 


12-520 


12-550 


12-595 


12-630 


12-680 


12-740 


17 


10-1315 


10-1410 


10-1490 


10-1570 


10-1655 


10-1750 


10-1845 


10-1940 


18 


12-010 


12-200 


12-360 


12-515 


12-67C 


12-820 


12-980 


12-1640 


19 


lC-1305 


10-1490 


10-1660 


10-1300 


10-1965 


12-115 


12-270 


12-560 


20 


10-1460 


10-1630 


lC-1790 


10-1950 


12-110 


12-260 


12-415 


12.545 


21 


12-370 


12-520 


12-660 


12-810 


12-97C 


12-1110 


12-1260 


12-1375 


22 


10-1730 


IO-I89O 


12-55 


12-225 


12-410 


12-575 


12-750 


12-880 


23 


10-1140 


10-1285 


IC-143C 


10-1590 


10-177C 


10-1935 


12-110 


12-240 


2 U 


10-1400 


10-1550 


10-1690 


10-1850 


12-30 


12-190 


12-370 


12-545 


25 


10-530 


10-670 


10-81*; 


lC-965 


10-1125 


10-1300 


10-1465 


10-1735 


26 


10-1980 


12-130 


12-250 


12-390 


12-535 


12-690 


12-840 


12-1010 


27 


10-1710 


10-1835 


10-1950 


12-90 


12-220 


12-355 


l'’-/>95 


12-1395 


28 


12-270 


12 -J ^05 


12-520 


12-650 


12-785 


12-915 


12-1050 


12-1785 



Strain readings in «icro-lnch per Inch 
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TABLE III(ecntlntt«d) 

DATA SHEET 

Strain -Load Reading 
Plata of l/8" Vaalnal Dafl action 
Front Fnes 

LOAD IK PODIDS 



OAGl 





0 


200QQ 


3SOOO 


50000 


65000 


80000 


moo 


1 


12-1930 


14-600 


14-315 


14-1000 


14-1190 


14-1350 


14-1530 


2 


12-1870 


1^525 


14-750 


14-940 


14-1130 


14-1290 


14-1470 


3 


14-585 


14-1175 


14-1380 


14-1565 


14-1755 


14-1930 


16-100 


4 


12-980 


12-1560 


12-1765 


12-1940 


14-130 


14-300 


14-450 


5 


14-1230 


14-1865 


16-90 


16-295 


16-450 


16-700 


16-865 


b 


14-105 


14-790 


14-1050 


14-1280 


14-1530 


14-1770 


14-1980 


7 


14-830 


14-1525 


14-1800 


16-50 


16-310 


16-545 


16-760 


8 


12-640 


12-1310 


12-1570 


12-1810 


14-70 


14-300 


14-510 


9 


14-590 


14-1190 


14-1450 


14-1680 


14-1940 


I6-I8O 


16-400 


10 


12-810 


12-1415 


12-1690 


12-1940 


14-210 


14-455 


14-685 


11 


14-630 


14-1240 


14-1510 


14-1750 


16-10 


16-240 


16-510 


12 


14-415 


14-995 


14-1260 


14-1485 


14-1730 


14-1940 


16-175 


13 


12-720 


12-1215 


12-1415 


12-1595 


12-1790 


12-1965 


14-140 


14 


12-1930 


14-420 


14-615 


14-780 


14-955 


14-1120 


14-1275 


15 


12-1740 


14-210 


14-415 


14-580 


14-765 


14-920 


14-1000 


16 


12-80 


12-570 


12-780 


12-960 


12-1150 


12-1310 


12-1490 


17 


12-540 


12-990 


12-1220 


12-1390 


12-1580 


12-1750 


12-1945 


18 


12-1610 


14-80 


14-300 


14-485 


14-680 


l4i-850 


14-1015 


19 


12-665 


12-1060 


12-1255 


12-1415 


12-1600 


12-1770 


12-1945 


20 


12-1060 


12-1420 


12-1605 


12-1790 


I2-I98O 


14-170 


14-370 


21 


12-760 


12-1115 


12-1300 


12-1475 


12-1660 


12-1850 


14-70 


22 


12-1875 


14-260 


X4-445 


14-620 


14-810 


14-1000 


14-1210 


23 


12-510 


12-980 


12-1150 


12-1345 


12-1550 


12-1760 


14-10 


24 


12-1840 


14-260 


14-480 


14-680 


14-890 


14-1100 


14-1355 


25 


14-1350 


14-1755 


14-1925 


16-100 


16-290 


16-475 


16-670 


26 


12-1900 


14-340 


14-505 


14-670 


14-850 


14-1030 


14-1210 


27 


14-1040 


14-1470 


14-1675 


14-1865 


16-60 


16-240 


16-440 


28 


12-1080 


12-1510 


12-1715 


12-1890 


14-80 


14-250 


14-430 



Strain raadin^s in micro-inch par inch 
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T.IBLE III («ontixiu«d) 

DATA STIZET 
Stmln>T<oa.d &«ixdln«$e 
Plate of l/B"No«liial Deflection 
BncTc yftce 



I.O^D 

OAGK 



IfUMBKa 


0 


2000 


35000 


1 


14-900 


14-1210 


14-1375 


2 


14-530 


14-375 


14-1060 


3 


14-610 


14-975 


14-1170 


A 


14-1800 


16— 60 


16-165 


B 


14-720 


14-830 


14-815 


C 


16-20 


16-170 


16-170 


D 


14-980 


14-1240 


14-1350 


U 


14-1310 


14-1660 


14-I85O 


5 


14-970 


14-1190 


14-1280 


6 


16-360 


16-510 


16-560 


7 


14-1680 


14-1805 


14-1850 


a 


16-1110 


16-1220 


16-1260 


9 


16-500 


I6-5BO 


16-590 


10 


y*-l045 


14-1110 


14-1115 


11 


14-1920 


16-50 


16-80 


12 


14-620 


14-730 


14-830 


13 


14-1810 


16-50 


16-155 


14 


16-135 


16-490 


16-670 


2 


14-1900 


16-170 


16-280 


? 


14-1730 


14-1850 


14-1870 


il 


14-1530 


14-1635 


14-1640 


H 


14-505 


14-755 


14—855 


15 


14-890 


1^^1230 


14-1410 


16 


14-1190 


14-1530 


14-1705 


17 


14-1870 


16-175 


16-320 


18 


14-1480 


14-1800 


lii-1965 


19 


12-1690 


12-1890 


12-1970 


20 


14-1390 


14-1610 


14-1705 


21 


— 


— 


— 


22 


14-735 


14-1030 


14-1130 


23 


14-1130 


14-1315 


14-1395 


24 


16-145 


16-315 


16-410 


25 


14-1590 


14-ia’K) 


14-1980 


26 


14-1140 


1?+-13'^0 


14-1490 


27 


14-1950 


16-175 


16-280 


28 


1/J-llO 


14-1400 


14-1590 



IW POTJliDS 



5om 


65000 


800Q9 


95000 


14-1525 


14-1680 


Iii-.1820 


14-1975 


14-1 22c 


14-1380 


14-1535 


14-1700 


14-1340 


14-1510 


14-1665 


14-1840 


16-265 


16-360 


16-440 


16-515 


14-800 


li^-790 


14-760 


14-710 


16-165 


16-170 


16-I6C 


16-120 


14-1450 


14-1550 


14-1650 


14-1730 


16-25 


16-205 


16-370 


16-540 


14-1370 


l^^-l490 


14-1590 


14-1690 


16-610 


16-690 


16-730 


16-870 


14-1910 


16-0 


16-105 


16-210 


16-1320 


16-1405 


16-1510 


16-1630 


16-610 


16-680 


16-760 


16-860 


14-1140 


14-1200 


14-1275 


14-1350 


16-135 


16-215 


16-300 


16— 4l0 


14-890 


14-930 


14-1070 


14-1170 


16-255 


16-370 


16-480 


16-590 


16-820 


16-980 


16-1125 


16-1270 


16-370 


16-475 


16-560 


16-630 


14-1875 


14-1835 


l^v-1390 


14-1850 


14-1640 


1 4—1640 


14-1630 


14-1510 


14-950 


14-1041 


14-1120 


14-1190 


14-1575 


14-1740 


14-1890 


16-50 


14-1850 


16-10 


16-150 


16-300 


16-450 


16-535 


16-700 


16-mo 


16-115 


16-265 


16-400 


16-550 


14-60 


14-140 


14-225 


14-235 


14-1790 


14-1830 


14-1970 


16-35 


14-1235 


14-1 155 


14-1470 


14-1535 


14-1^70 


14-1560 


14— 1650 


14-1730 


16-430 


16-560 


16-645 


16-715 


16-100 


16-230 


16-360 


16-475 


14-1585 
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14-1785 


14-1875 
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16-455 
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lASLE III (continued) 
i;ta 

Ctrd.in-Lot.ci KeAdin^ja 
Plato of 3/io*' Noriintl Dsfiection 
Front Face 



LO..I IN POU.STS 



G, GL 



NIT'OjLR 
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Table hi (continuaci) 

DAT/. .HEFT 

wtrain-Loid Readings 
Piste of 3/l6^ Kciainal Reflection 
Back Fb.cc 



LOAD JK POUNDS 
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T.- jLi III (continued} 
lu T.^. 

f tr*ul:i-Lojd I’.oscin^.i 
Plate of 1/4*’ Kosiint.l Def-ectlon 
Pr.^nt. Face 



I4)*--D IN POUi-iPS 



GK 

NUMBIiK 


0# 




20 '■ 


V J 
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14-445 


14-560 


14-670 


14-76w 


14-860 


14-955 
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U-1C80 


14-1210 


14-1330 


U-1450 


14-1 5c>5 


U-lt^C 
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16-370 


16-510 


16-640 
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16-880 


I6-100C 
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16-450 
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16-750 


16-890 


It6-i025 


5 


I6-I6O 


16-380 


16-590 


16-79C 


16-980 


16-1165 


6 


14-1795 


16-95 


16-395 


16-640 


16-890 


16-1125 


7 


14-660 


14-950 


14-1230 


14-1480 


14-1720 


14-1950 


6 


14-1290 


14-1555 


14-1815 


16-55 


16-260 


16.-510 


9 


14-1620 


14-1915 


162210 


16-47C 


16-720 


16-9VC 


10 


U-1050 


14-1330 


14-1610 


14-1875 


16-120 


16-365 


ii 


14-1525 


14-ioiO 


15-100 


16-370 


16-620 
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14-850 
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14-1820 


13 


1421075 
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14 
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16-930 


16-1045 


20 


14-1230 
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U-270 


14-305 
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14-425 
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14-1900 


14-1940 
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14-1475 
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14-1640 
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14-735 
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14-840 


14-870 
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14-1495 
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14-1310 


14-1365 
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14-1465 
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14-1750 
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14-1870 


U-1985 


16-95 
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T/.DLI III (contlnumi) 

i.’train~Lo£iC hes.din^s 
Plate of 1/4" iNoairiil Eeflootion 
Front Face (continusd) 
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Table hi (continued) 

Strein-Lof.d Kenaings 
Piste of 1 / 4 ” Nominal Deflection 
Back Face 
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TABLL. Ill (continued) 

Li-TA Kill. IT 

Etrain-IiOad Headings 
Plitte of 1 / 4 " Deflection 

Back Face (continued) 
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TABLE IV 



Strain-Load Valucjs 



Plate of Zero Haalnal Deflection Plate of 1/8" Nominal Deflection 
Load in Kips Load in Kips 

Gage 



Mum^r 


20 


1;0 


60 


80 
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60 


80 
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1 
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1 


no 
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200 


1*00 


600 


600 


1000 


1 


192.5 


395 


590 


780 


900 


220 


1*50 


675 


9(X) 


n20 


? 


2ii5 


li95 


7h0 


990 


n80 


21*0 


1*80 


720 


960 


1200 


? 


lk$ 


285 


U30 


060 


680 


210 


1*25 


61*0 


850 


iaS0 


? 


195 


390 


585 


780 


932.0 220 


1*52.5 


680 


905 


1132.5 


3 


??C 


iiiiO 


660 


680 


1090 


200 


000 


755 


1000 


1260 


3 


105 


370 


550 


735 


920 


220 


1*00 


670 


890 


n20 


3 


202.5 


ii05 


600 


807.5 1007. 


5 237.5 


1*70 


712.5 


900 


n90 


ii 


205 


Uo 


625 


030 


1030 


200 


1*55 


7U5 


990 


121*0 


k 


205 


hio 


625 


830 


1035 


235 


U70 


710 


91*0 


U80 


h 


200 


illO 


625 


830 


1030 


21*2.5 


1*92.5 


727.5 


967.0 


1210 


5 


200 


iiOO 


600 


800 


1000 


270 


51*5 


615 


1090 


1360 


5 


215 


U?5 


61*0 


850 


1060 


11*0 


280 


1*20 


060 


700 


5 


207-5 


U2.5 


620 


820 


1030 


205 


612.0 


517,0 


825 


1030 


6 


205 


iilO 


610 


820 


1020 


320 


650 


985 


1310 


161*0 


6 


2ii0 


hBO 


720 


9-'>0 


1200 


00 


120 


200 


300 


1*1*5 


6 


222.5 


hhS 


665 


690 


1110 


ie'7.5 


387.5 


095 


807.0 101*2.0 


7 


200 


hOQ 


600 


800 


1000 


370 


730 


1070 


1390 


1670 


7 


200 


hOO 


610 


830 


101*0 


35 


95 


200 


330 


1*80 


7 


200 


hOO 


600 


810 


1020 


202.0 


1*17.5 


635 


860 


1075 


8 


180 


390 


620 


800 


1015 


360 


700 


1035 


131*5 


1630 


8 


180 


365 


555 


?60 


980 


20 


60 


175 


310 


1*00 


8 


180 


377.5 


507,5 


607.5 


997,5 190 


390 


600 


827.5 


1005 


9 


220 


hhO 


660 


880 


1100 


300 


690 


1020 


1335 


1630 


9 


150 


330 


530 


71*0 


930 


- 20 


- 15 


> 00 


♦100 


♦260 


9 


185 


305 


595 


aio 


1015 


165 


337.5 


020 


71*7,5 


91*7.5 


10 


170 


370 


580 


800 


1030 


375 


71*0 


1090 


11*20 


1700 


10 


150 


330 


530 


71*0 


960 


0 


10 


70 


170 


270 


10 


160 


350 


555 


770 


995 


187.5 


375 


080 


795 


980 


11 


160 


31^0 


51*0 


71*0 


950 


370 


720 


1060 


1375 


1700 


11 


175 


370 


500 


790 


1U05 


50 


70 


155 


275 


U20 


11 


167.5 


355 


000 


760 


977. 


5 210 


395 
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825 


1060 


1? 


150 


1*00 


570 


760 


1000 


330 


660 


970 


1270 


1060 


IP 


200 


500 


7PO 


900 


1220 


30 


100 


200 


320 


i*o0 


1? 


195 


hO0 


ol.*5 


800 


mo 


180 


380 


585 


795 


1010 



Strains in Micro-Inch Per Indi 
P indicates gage on front face 
B indicates gage on back face 
» indicates mean value 
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YAiJJ. IV (Conta) 



Plate of Zero Nominal Eieflection Plate of 1/8" Nominal Deflection 



Load in Kips Load in Kips 

Gage 



Number 


20 


iiO 


60 


80 


100 


20 


40 


60 


80 


100 


13 


155 


315 


475 


650 


830 


270 


530 


780 


1020 


1250 


13 


220 


U30 


645 


860 


1080 


130 


275 


415 


560 


710 


13 


187,5 


372.5 


560 


755 


955 


200 


402.5 


597.5 


790 


900 


Ih 


180 


360 


540 


720 


900 


245 


490 


720 


945 


1150 


Ih 


I'/O 


380 


560 


745 


920 


225 


445 


660 


860 


1050 


Hi 


185 


370 


550 


73 2. i 


> 510 


235 


467.5 


690 


902. 


5 1100 


15 


205 


kio 


620 


825 


1030 


255 


510 


750 


980 


1180 


15 


165 


335 


500 


670 


835 


230 


460 


685 


900 


1100 


15 


185 


372.5 


560 


747.: 


> 932.5 


; 242.5 


485 


717.5 


940 


1140 


16 


255 


500 


745 


980 


1210 


295 


555 


800 
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1260 


16 


Hi5 


285 


430 


580 


660 


230 


450 


650 


850 


1050 


16 


200 


392.5 


587.5 


780 


945 


262.5 


502.5 


725 


940 


1155 


17 


270 


5ii0 


610 


1080 


1360 


265 


520 


775 


1020 


1265 


17 


95 


200 


320 


440 


565 


190 


360 


560 


720 


930 


17 


182.5 


370 


565 


760 


962.5 227.5 


450 


662.5 


870 


1097 


18F 


205 


hio 


615 


820 


U50 


240 


485 


730 


970 


1210 


16B 


205 


ia5 


625 


830 


1200 


200 


405 


610 


810 
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l&i 


205 


lil2.5 


620 


825 


1175 


220 


445 


670 


890 


1110 


19F 


200 


liOO 


600 


805 


1050 


230 


460 


69c 


925 


1160 


193 


200 


Uoo 


600 


805 


1080 


110 


225 


340 


450 


530 


ISW 


200 


iiOO 


600 


805 


1065 


170 


342.5 


505 


687, 


,5 845 


?0F 


200 


iiOO 


bOO 


800 


1000 


250 


500 


755 


1010 


.1260 


POD 


210 


420 


630 


840 


1050 


115 


235 


350 


470 


590 


20! 


205 


410 


615 


820 


1025 


182,5 


367.5 


552.5 


740 


925 


21F 


220 


440 


655 


870 


1090 


240 


485 


730 


970 


1220 


21D 


195 


395 


595 


790 


990 


170 


3ii0 


520 


690 


670 


2Hl 


207.5 


417.5 


625 


830 


3.040 


205 


ia2.5 


625 


830 


1045 


22F 


180 


360 


545 


730 


910 


245 


490 


735 


980 


1230 


22B 


225 


450 


680 


905 


1130 


150 


310 


465 


620 


780 


?2H 


202.5 


405 


612.5 
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; 1020 


197,5 


400 


600 
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1005 


23F 


185 


370 


550 


740 
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790 
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?3B 


220 
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830 
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225 
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565 
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390 


580 
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270 
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1570 


2liB 


225 


45o 


675 


900 


1120 


105 


220 


330 


440 


520 


2iiM 


207.5 


420 


627.5 


837.5 


; 1045 


187.5 


382.5 


575 


765 


I0ii5 


2 $F 


165 


335 


500 


665 


900 


240 


480 


725 


960 


1210 


2 $B 


195 


390 


600 


830 


1140 


170 


340 


520 


690 


870 


25« 


180 


362,5 


550 


747.; 


; 1020 


205 


410 


622,5 


825 


1040 



Strains in ?'icro-Inch Per inch 
P indicates gage on front f:ice 
B indicates gage on back face 
K indicates mctan value 
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TiiBLr IV (Cont,) 





Plate 


of Zero 


Nominal 


Leflectlon 


5=’late of 


1/8" 1 


Morainal Leflection 






Load 


in Kips 










Load 


In Kips 




Gage 






















N'ORbcr 


20 


hO 


60 


80 


100 


20 


40 


60 


80 


100 


26F 


190 


360 


570 


760 


955 


215 


430 


660 


900 


1139 


?6b 


180 


370 


96o 


790 


940 


130 


200 


390 


920 


650 




189 


379 


969 
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947.5 


172,5 


349 
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760 


892.5 


?7F 
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510 
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169 


339 


910 


690 
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119 


230 
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182,9 
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997.9 


795 


977.9 
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1080 
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357.9 


942.5 


725 
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220 
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420 


930 


620 
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375 
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300 
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960 


670 
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295 
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649 
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-95 


-li»9 


-10 
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-iiO 
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-149 


C 


-29 


•'55 
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-125 


-170 


-00 
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0 


-10 


- 79 
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-i<9 


-75 


-110 


-157.5 


- 5 
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80 


i69 


290 


339 


419 
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285 
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930 


620 


II 
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900 


140 


270 
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"H 
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279 


362.9 
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917.5 


607.5 


F 


-30 


-00 -100 


-140 


190 


+20 


+40 


+60 


+60 


0 
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-?0 


-uo 


-70 


-95 


139 


+ 5 


+10 


+10 


-10 


-60 




-29 


-90 


-89 


117.9 


162.9 


129 


25 


39 


29 


-30 



Strains in Hicro-Inch Per Inch 
F indicates gage on front face 
B indicates gage on back face 
M indicates eiean value 
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Strain Load Values 

Plate of 3/16” Nc^iinal Peflection Plate of l/k” Nominal Deflection 



Load in Kips Load in Kips 

Qage 



Number 


20 


40 


60 


80 


100 


20 


40 


60 


80 


100 


1? 


?15 


435 


655 


875 


ni5 


225 


415 


600 


785 


1010 


IB 


23*t 


480 


720 


960 


1220 


255 


500 


720 


940 


1200 


Irt 


225 


457.5 


; 667.5 


917.5 


U67.5 


> 240 


457.5 


660 


862.5 


J 1105 


2F 


230 


450 


675 


900 


1035 


240 


475 


705 


915 


1065 


?B 


2$0 


490 


735 


975 


n25 


240 


475 


705 


915 


1055 


?M 


2li0 


lao 


705 


932.5 


1080 


2U0 


475 


705 


915 


1060 


3F 


250 


500 


750 


1000 


n4o 


250 


490 


725 


935 


ino 


3B 


2l|0 


480 


720 


965 


n30 


265 


510 


730 


935 


loyo 


3M 


2li5 


U90 


735 


982.5 


U35 


257.5 


5C0 


727.5 


935 


1100 


i»F 


270 


540 


810 


1080 


1390 


310 


600 


865 


1115 


1810 




2Ji0 


470 


710 


950 


1930 


250 


490 


720 


930 


1500 


iil 


255 


505 


760 


1015 


1310 


280 


545 


792.5 


1022.5 


7 1685 


l^F 


305 


610 


925 


1230 


1420 


410 


810 


1175 


1510 


1820 


5B 


75 


150 


225 


310 


600 


20 


45 


95 


165 


310 




190 


380 


575 


770 


1010 


215 


427.5 


635 


837.5 


5 1065 


6 f 


liOO 


810 


1220 


1620 


1740 


600 


1100 


1580 


2000 


2700 


6n 


-70 


-115 


-no 


-90 


♦100 


-200 


-320 


-380 


-390 


- 90 


6 m 


165 


347.5 


: 555 


765 


920 


200 


390 


600 


605 


1305 


7F 


U70 


935 


IhOO 


1800 i960 


560 


1070 


1540 


1970 


2570 


7fl 


-liiO 


-245 


-315 


330 


-125 


-220 


-3<So 


-440 


-460 


-270 


7M 


165 


345 


542.5 


735 


917.5 


170 


355 


550 


755 


n5o 


8 F 


li50 


835 


1290 


1650 ; 


1760 


520 


990 


1440 


i860 


2200 


8D 


-160 


-270 


-320 


-300 ■ 


-155 


-300 


-530 


-690 


-800 


-550 


8M 


145 


307.5 


: 485 


680 


802.5 


7 no 


230 


375 


530 


825 


9F 


440 


860 


1260 


1640 


1710 


600 


1100 


1580 


2250 


2430 


93 


-90 


-165 


-210 


-195 


♦ 60 


-280 


-480 


-620 


-700 


-500 


9K 


175 


347.5 


: 525 


722.5 


885 


160 


310 


460 


775 


960 


lOF 


620 


U20 


1560 


1980 


2390 


560 


1060 


1560 


2040 


2i;10 


103 


-no 


-180 


-900 


-IkO 


♦200 


-300 


-520 


-690 


-790 


-5oc; 


lOM 


260 


470 


680 


920 


1295 


130 


280 


435 


625 


925 


IIF 


490 


950 


1380 


1760 


1830 


580 


noo 


1600 


209’0 


2h00 


IIB 


-130 


-220 


-250 


-220 


- 10 


-280 


-530 


-700 


-810 


-480 


UK 


180 


365 


565 


770 


910 


150 


285 


450 


640 


960 


1 ?F 


450 


990 


1300 


1690 


1660 


520 


1000 


lij60 


1990 


2160 


12D 


-35 


-50 


-45 


♦10 


♦230 


-290 


-390 


-510 


-600 


-100 


i 2 H 


207.5 


470 


677.5 


850 


945 


150 


305 


475 


695 


1030 



Strain Micro-Inc/i Per Inch 
F indicates on £ront face 

B indicates jjage on oack face 
H indicates ean value 
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YABLR IV (Conto) 



Strain Load Valuos 



Plate of 3 / 16 " Nominal Deflect ion Plate of 1/k" Noninal Deflection 

Load in Kips Load in Kips 



Gage 



Number 


PO 


iiO 


60 


00 


100 


20 


140 


60 


80 


100 


13F 


330 


660 


1000 


1330 


1700 


hho 


Sho 


1190 


1560 


2710 


13B 


85 


180 


280 


hOO 


730 


-20 


-140 


-1*0 


-20 


200 


151 


P07.5 


U20 


6U0 


865 


1215 


210 


hoc 


575 


770 


11*55 


liiF 


275 


550 


830 


1105 


1500 


350 


660 


950 


1230 


2600 


lUB 


265 


510 


720 


990 


1300 


260 


510 


71*0 


96O 


3160 


11^1 


270 


530 


175 


10li7.5 


: iiioo 


305 


585 


81*5 


1095 


2880 


15F 


290 


550 


780 


1000 


1900 


285 


5U5 


795 


1035 


1200 


15B 


260 


515 


760 


1005 


I8h9 


285 


51*5 


795 


101*0 


1300 


15M 


275 


532.5 


770 


1002.5 


; 1872.5 


285 


51*5 


795 


1037.5 1250 


16F 


290 


560 


790 


1010 


1310 


2ho 


1*80 


710 


920 


990 


16D 


275 


530 


760 


970 


1265 


280 


560 


830 


1075 


1210 


16M 


282.5 


52i5 


775 


990 


1287,5 


2i»0 


520 


770 


997.^ 


> HOC 


17? 


235 


U70 


705 


9h0 


1160 : 


200 


1*00 


600 


800 


860 


17B 


235 


U70 


705 


9hC 


1180 


290 


565 


830 


1070 


1230 


ITM 


235 


U70 


705 


9h0 


1170 


2u5 


1*82.5 


715 


935 


101*5 


18f 


285 


570 


855 


llhO 


lh$0 


300 


570 


815 


1050 


ii*05 


18B 


215 


ij30 


650 


860 


1080 


230 


1*1*5 


650 


81*0 


1065 


lai 


250 


500 


752.5 


1000 


1265 


265 


507.5 


732,5 


91*5 


1235 


19F 


220 


hho 


665 


890 


13d0 


260 


505 


730 


960 


1380 


19B 


100 


205 


310 


ko$ 


275 


100 


195 


290 


380 


1*50 


19M 


160 


322,5 


ii87,5 


6it7.5 


: 807,5 


180 


350 


510 


670 


915 


?0F 


185 


370 


560 


7ii0 


950 


150 


305 


1*60 


620 


960 


?0B 


125 


260 


335 


520 


705 


160 


325 


1*85 


650 


880 


PCM 


155 


315 


I472.5 


630 


827.5 


155 


315 


1*72,5 


635 


920 


?1F 


120 


2U5 


370 


U99 


700 


70 


150 


255 


390 


630 


?1B 


2U0 


I180 


720 


950 


1160 


220 


1*1*0 


670 


880 


960 


?1« 


180 


362.5 


5ii5 


722,5 


: 930 


IhS 


295 


1*62.5 


635 


795 


??F 


160 


320 


h90 


685 


1050 


80 


165 


285 


1*1*5 


710 


??B 


li<0 


300 


h90 


630 


800 


160 


320 


1+80 


61i0 


820 


??H 


150 


310 


h90 


657,5 


: 925 


120 


21*2,5 


382.5 


51*2. i 


> 765 


?3F 


150 


295 


U$0 


630 


1000 


ilO 


120 


225 


365 


61*5 


?38 


205 


lilO 


600 


735 


830 


190 


390 


580 


770 


880 


?51 


177.5 


352,5 


525 


662,5 


; 915 


115 


255 


1*02,5 


567.5 


; 762,5 


2hF 


170 


335 


505 


685 


990 


250 


1*85 


720 


960 


11*50 


2hB 


2li0 


U80 


720 


920 


1170 


30 


65 


130 


235 


1*50 




205 


ii07.5 


612.5 


802,5 


: 1080 


II4O 


275 


1*25 


597.5 


> 950 


?5F 


80 


175 


285 


iiiiO 


690 


-20 


-25 


0 


60 


290 


?5B 


300 


585 


860 


1095 


1330 


220 


1*1*0 


660 


880 


100.0 


?5m 


190 


380 


572.5 


767.5 


: 1010 


100 


207.5 


330 


1*70 


61*5 



Strain in Kicro Inch Per Inch 
F indicates gage on front face 
5 indicates gage on back face 
M indicates mean value 
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TADLF IV (Cont. ) 



Strain Load Values 



Plate of 3A6" Kttninal Deflection 
Load in Kips 



Gage 



Number 


20 


ho 


do 


80 


100 


?6F 


170 


3 h 5 


515 


700 


975 


?6b 


230 


lido 


700 


820 


970 




200 


li02.5 


607.5 


7d0 


972.5 


27? 




500 


770 


1060 


1550 


27B 


170 


330 


500 


600 


570 


27tt 


207.5 


las 


635 


830 


1060 


28? 


310 


550 


650 


1080 


1310 


28s 


235 


li5o 


640 


810 


950 


2flM 


272.5 


520 


745 


945 


1130 


A 


lliO 


275 


400 


510 


730 


D 


170 


340 


450 


630 


910 


«• 


155 


307.5 


445 


570 


820 


B 




-50 


-135 


-150 


-315 


r 


- 5 


- 5 


-10 


-25 


-100 ■ 


- 


-27.5 


-47.5 


-72.5 


-107.5 


-207.1 


E 


170 


350 


485 


600 


980 


K 


115 


?30 


340 


455 


710 


tm 


lii2.5 


250 


412.5 


527.5 


8J»5 


F 


+10 


+10 


+ 5 


-25 


-90 


G 


-70 


-125 


-180 


-245 


-370 


- 


-30 


-57.5 


-85 
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Calculation of the Kean Strain 
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Nujabcr 


6* 




V16- 


iTipr- 


?.o 


ii 


?05 


2ii?.5 


255 


280 




Ih 


185 


?35 


270 


305 




Average 


195 


?38o7 


26?. 5 


292.5 




lutio 


1.055 


1,150 


1,232 


1,1*29 


ho 


h 


iao 


1*92.5 


505 


51*5 




Ih 


370 


1*67.5 


530 


585 




Average 


390 


1*80.0 


517.5 
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1.013 


Ulh3 


1,215 


1,1*06 


60 


ii 


6?5 


727,5 


760 


792.5 




Ih 


550 


650.0 


775 


81*5.0 




Average 


587.5 


708,7 


767,5 


818.7 
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0.97? 


1,120 


1,196 


1.361 


80 


h 


830 


967.5 


1015 


10’?, 5 




111 


73?.5 


90?, 5 


101*7.5 


1995.0 




Average 


781.? 


935,0 


1031,? 


1508,7 




Ratio 


1.009 


1.100 


1,179 


1,855 


100 


h 


1035 


1?10 


1310 


1685 




Ih 


910 


1100 


11*00 


2680 




Average 


97?. 5 


1155 


1355 


?28? 




Ratio 


0.990 


1,081 


l.?i*? 


1,686 
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APPEHDI7. D 



AKU CALCULATED APPLIED LOAD 



Kcrainnl Cefldctlon 

Avez’age Strain in the Plat© (lalcro-in/in) 
Product Strain~Crooa SectionaJ. Plate Area 
Haadn’ja Strain in Stiffeners 

Hiniaua Strain in Stiffcaero 

Average Strain in the Stiffenore 

Product Strain Crose-Soctionsl Stiffoners 
Area 

Sua of Products Strain-Are* 

Calculated Applied Load (pomtds) 

Measured Load 
Difference ( pounds J 
Difference (pci'ccntege) 



0 


l/8« 


3/16» 


l/4« 


604.6 


6/»2.0 


633.3 


601.1 


1314.4 


1926.0 


1S99.0 


1803.0 


700 


720 


SOO 


750 


5ao 


650 


750 


820 


-260 


-200 


-270 


-375 


-235 


-120 


-30*0 


-475 


131,3 


262,5 


245.0 


130.0 


226.6 


323.0 


^6,0 


225.0 


2041.0 


2254.0 


2^5.0 


2028.0 


59200 


65400 


640v30 


53900 


60000 


60000 


60000 


600iX) 


-aoo 


■♦•5400 


+4000 


-1100 


-1.3^ 


+ 9 % 


+6.755 


-1,8% 
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Fr* Diien/iS 

Ttie efrpct c r i)iitJ al 
deflection o'. the strees 
di^tr-Ihutif n in - 
of i-l ' - nc ^ 
t^^re'le xod. 




T’reire Ilxenab 

Ti e affect of initial ieflec- 
ticn on the st'’e,^s ai .ti* .it'_«' n 
in a panel of pl-^tinj of a st ip 
■under tensile load. 



